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(57) Abstract: 

PROBLEM TO BE SOLVED: To realize a nitride 
semiconductor device, using a nitride semiconductor as 
its substrate by making an n-type nitride semiconductor 
layer with a specific film thickness to grow on a 
substrate, and by making nitride semiconductor layers 
containing acceptor impurities grow on the foregoing 
nitride semiconductor layer, and further, by removing 
thereafter the substrate therefrom. 

SOLUTION: A buffer layer 1 1 is made to grow in contact 
with a substrate 10 made of spinel (MgAI 2 0 4 ). Then, an 

n-type nitride compound semiconductor layer 1 with a 
film thickness not smaller than 20jim is made to grow in 
contact with the buffer layer 1 1 . Further, an active layer 2 
is made to grow in contact with the semiconductor layer 
1. Subsequently, nitride semiconductor layers 3, 4 
containing acceptor impurities are made to grow on the 
active layer 2. Then, a resultant wafer is taken out from a 
reaction container, to remove the substrate 1 0 therefrom. 
In this case, the buffer layer 1 1 is also removed naturally 
therefrom. Further, an n-electrode 20 is provided on the 
surface of the semiconductor layer 1 corresponding to 
the bottom surface of the wafer, and an electrode 
comprising a translucent p-type electrode 21 and a pad 
electrode 22 is formed on the uppermost semiconductor 
layer 4. 





COPYRIGHT: (C)1998,JPO 



<i9)b*sh*!W (jp> < 12 > & [15 # fH= £fc $g (a) (ummmm^ms^ 

#M¥10- 117016 

(43)&BBB ¥^10#(1998) 5^6H 

(5i) intci. s mitm F I 

H 0 1 L 33/00 HO 1L 33/00 C 

HOIS 3/18 HOIS 3/18 







7 OL (£10 H) 


(2D mm#n ftmw -270375 


(71)fflSA 


000226057 






BMft£*X!Rfl|c£&8: 


(22)ffl«B 2priS8^(1996)10^14H 




tgs»P?mm±fwrw49isffi!ioo 




(72)«§g# 








*AAOTilitfJ:+«rW49i#ttioo emit 










(72)#»# 








«A»Rrm*J:«fHrf«491#«100 BMit 








(54) ism<D%m m:to*mtm : i-<»m&is& 



(57) ism 

"WWi/*ft»fcS«*Httt4iai, £«S£*&C0n 



stttfuuauaama: 





[IS** 3] airer^*:/*— ^jett^b-Sfl:** 

5 XS**tf r. £ t-J-SWsft* 1 £ fctt 2 (cfE« 

£2 0 jtm«±<©JRJ¥T?J!fcft£-ti:SX:g£, nSS-ftfe 
^•##g/£g&}c£«£|&:fc-r5Xg£, 

ffia^*#3f«c«<o3iiif*tftilftt it5^ £ **Mft £i" 

5 r £ Sr «ft8 £ ^ 5 IS 4 £ ;fc fi 5 f c ffi*^ 3*b& ^ 
Wff«teSiELfc«©*+yr»j8E*'h£< LT. p! 

swtft^afWca^iiiifcfli©*^ y < - 

[0 0 0 1 ] 

K) » ld (u— F?4Hr— K) •*roJS*?*'W*, * 

4&^^ffc ( I nxA 1 vG a x-x-yN, OSX, OSY, X+ 

i ) *^(©«at*j*teH-f« 0 

10 0 0 2] 

3. 5%tH4*^-7r-<'raE«±taa»*Lfc»:ff 

Sn-A(?3Jgi?OTA 1 N, GaN/<;y7rI* 
G a N^VU^i$fiSrf^SJi-SK*^BIW?5JWIW{r*> 



(2) «F§S¥l 0-117016 

2 

Sf± 12 0 Oty±, l 75%I£U±.<nmMMfr%-mfS.'¥ 

[0 0 0 3] A^iTiigSCiiG a NSKi5^#T^ 

8 - 1 1 6 0 9 O-^-iCTp^ftT^So rcOftft?(c£ 5 
£, G a A s , G a P. InP, Si 5?<£>gK±k:, 
j'^tS^^UTG a N£5 0~2 0 0 /x mOJg&i?-?^ 

10 9ISfc*LX, «SUfcG a NJl<©±K*r;fc»CnS!JI, p 

[0 0 0 4] s/t^OTte, ftM¥7 - 1 6 5 4 9 8 ^-(C 

T*J9, 1#58¥7 - 2 0 2 2 6 5 7r-frg« 

e±lcffS3£<aGaN£/#«£-fr7ifg, ZnOt»* 
i" 5 r £»;:«£ 9. a N*.SSS«4:#5^i*i4S 

[0 0 0 5] 

*flc*j£ft*-frSfc*<©GaNS«fc:tt:, »*<ofttlfas 

tiffl£*l,-C<^5aS x r<0G aN*S«£ Ufca-fk^^ 

[0 0 0 6] fto-C, *^K>l^it5ir5li, S 
[0 0-0 7] 

5o ) £2 0 /im«±<©B!ffT*;£S£-e-5I&£, 

SJl±ffl5ic/>/£< £t. t?±:7?— ^wfa^tsmt 

-Oig&fCXf*^ (MgAlaOj 
t^tf^ug-KO (111) anSrS-ftfe^ff^fiKfiffi 

[0 0 0 8] *«9!<Z5gf 1 <©ffi«-CW\ TflzT'f—* 

^H^+T-T y >^-*--5 Xfe^r^tpr £ &&mk-f 
e. a*w«r*t*#H«^-cr=-y vj/i-soht, n 

50 ««ri«5JM-Sr ilcJ:^ a^lb^Wftf^WSrBSJtL 



3 

T^-T, t K7^^^iV>3 0 0°C— 1 2 0 o°c 

&JcHS»8t*c^- Sfcftfc:-? 

r^r-- y x^fc 4 o o°c^±-cff 5 rt^s 

[0 0 0 9] *^*3SM^^2 60ffi«fi, *fcf*/US« 
±»^nSJi4r 2 0 Mm«±«OJBW-C««S-fr5Xa 

**M<z>»2<o<ll«*c:*5U>rfe, ^tr^/u*«<o (1 1 
[ooio] *j®coifi*xstc^^-c, S«±£5/& 

[0 0 1 1] S&t-, **MC0»2(^ffi«-ett. nil 

[0 0 12] *fe**Wo»2(©<IB*R-CW:, ftirf5S«l& 
nffiaftto*W**a*«*#tr#H*+^T:= 

*^^s^^^v^#s^ c t 3 r-r--y v 

o°co#H^^-er--y i#B£Lv\ a 

fetr««a:»c-*-*fc»"C&9, 4 0 0°c 



(3) *§B^Fl 0-117016 

4 

[0013] 

l9£9kZ>m&<Z>&m] El (a) - (e) te. fr&WCD 

10 [0014] »k**W*Oj«S3&ffi*i»fCRS-t-S fc 
MlfMOVPE (*«^JR«C*SfiKft 
ife) , HDVPE (^7>T Kftftricfiffi) , MBE 

[0 0 15] El (a) \C$S\,^X 1 0ttSS"Cfc5 o 

coif-cusfii ofcte, f-^r^r, ^tr*/K s i 

C, GaAs, Si, Z n O^S^K^fs&fflX 5 £ 5*5, 

20 ft LT. ffi/S<Z>a<fc4S*»ffr* 20 v m^JbOif 
"C^cSS-^Sr <tiS"C#5o b^fc^tf^K© (1 1 

riW9WK-C#, -5-o*tt«iS2 0 o»KT, £<b 
L< ttl5 0g>«T. L< lilO 0fj>« 

30 %) . **:}R»SB»«ciSiS**<, £6fcft<&atfb4fe* 

*JR<oaft*#»*4r«*S*r ^ 5 */ 9 
^£^5 £<> S i C*<z>£ 

«fCG a N£ lO/i mW±^Kl?t'^t5 i ^ 7 V # 

[0016] r. costs i o^aLT^^^rJi i 
1 4rjSft$*t5o 1 l (±«*Jx.tf A IN, Al 

GaN, G a N, InGa N^COS-fk^^Sf 2 0 0 

°c— 9 o otcQfiia-ejKfiS-^So ^^^^r^i ins 

40 «1 0t/^77l^W^*^51W^i:W 
[0017] $5)fc (b) [OTti 9 fc. /<^^rili 

ltC^Lr. nil 1 * 2 0 m«±Oiif t^fi^-tt 

1 *fi^T* 2 0^ m^JWtfitS^ J: <Dm 

ifiliGaNitSri^IiL^o GaNfilnf L< 

50 14 a l ir^tpafklb^aifrJ: o t>**s-fr J ? , -*-< > St 



5 

nli*aiLt20Mma±it*rtfc^i5 a « 
*.tf^<ix 7r/B 1 H75±|CGaN*5/imjS*S^ 
G0±{£ I nG a N£r0. 1 nu S5>CGaNt5(im 
J«ft*-fr. -tixSr«!9 3gL-C2 0 MmHi(^a»:t5 

4&^a5<*f*flM5<z><fc 5 fry ^ K-/tb nSCfiiS 
^ ff^K^Si, G e , S n3?C0 K"t"— ^Fffi** K 

ri^S4U\ nS!« 1 <©JRWi2 0 /im^ 

0 0 /imJy±(75^i?T*^^:$-frSo 2 0/im±H / >4 

[0 0 18] Kt-^F«*Sr K-r Lt*t y 7»SS: 

y rmm&KZK'tzk. ftmssi o4t»ji«u-c. n 
9/1 1 «ten LfcB8o>** y r ziA^^rsj 

[00191 Si: (c) (C/ftJ:^:nSli i Cglt 

2©W«ffittn.at?fe. ifit?t>. pST't£v\ fiftt 

5 [C^L, »*b< f± = 7ciftBl<Z> I nGaNj;9W 
#FJiASa*LV\ = 5c»d^ 1 nG a NttlBTciftSO 

^PiiS/iSHi-t^Pii ('S QW : Single- 
quantum-well) i^-^o LD^Srf^K-f-S* 
Stt«*I nGaNiJWfPIt, #F» 

9JS £ Lfc#M^f=F«ili (MQW : Multi - q 

uantum-well) k~t^>o feKfll^ =7C»fi<© I n 

x-Ga^-x-N (0^X'<1 N X' <X) iS«P*L<, #F 
+ BS+#F+ • - • -HSS+#F (*rOii!t?fc*r) t 

JI£ 1 nG a N£ffiJIL7hMQW<hi-£>i:, l^Jpffiffl 
3§}fe"C#r3 6 5 nm—6 6 0 nmM^0>SHti;frft L D £ 

N<t9*5»HJB4:ayBi-5t, 1 n G a N £ 9 fc5K 
HJlttA I G a NfClfc^TJKfirtSsfe&a^o ^(Ditib? 



(4) #F&f!^l 0-117016 

6 

7 ;/ K/ICOA I G a NtfW££i?< "C* 50>T? I"— !F* 
fi^*a"C#5o £fc*c/ InGaNiAIGaNit' 
fi»aofigfiiftjais»^So MOVPEitt'li 
InGa Ntt6 0 0 °C— 8 0 0 °CX'&& * -£:£><Z>tcat L 

A I G a Ni*9 0 Ot£9S5^rfiJSTj**£i*:5o 
t$oT, lnGaNi9 45#FitdcS3^7Si8, A 

I G a N£ 9 45BMt*fiStJ: 5 i-f-fitf, /** 

\Cf&&m±fc InGa N#FJliS»*PLTU*5<0"Ctt 
10 fitt<z>S^#F**»«::£tt*^\, £<btc#F/i^ 
8WI«+t^hn-AL^<, »JK£>#F«ds 

U 1 nG a Nk-fZk, #FJ1 £»ISJiaS|5j 

-»«"CJ«*-C** 0 «o"C, 5fcfc»/aLfc#F*J&s# 

t><Z>"CS>5J&^ i^^Fi^r 1 n G a N\ WBJf £G a 
N. A I G a NCDX 5 K#F/I<£ 9 t> RISJf CD' < V 

20 InGa N^SA^FtfliS, 

9T't5Iny yf©x^*- aK^V'V-V/U^FJi 

07t^, ^r-^ y i o — 7 0^>-^^ hn — A[U3db 

[0020] fclcm i ( c ) tc^i-i; 5 ^ gttJB 2 <^> - 

40 S?ii<b^5 0 ) 4rjSgS$-t5 0 ^^H-CttftfelR^L 
ED*i£4r^L"CV^5<75-C, pSIfip^7^ KI3 

m&m<D±vhtirtkzx-h&fc\cn^-t-z^k& 

[0 0 2 1 ] ^±^ct 5tCLT, Ifil 0±JCnSJi 1 
^2 0 ^mW±OASi?"C^cS^-ttx -r^n^® 1 (D±\C 

50 ilfii o icoFr»1icy<i/7r/i i i £/Sft£-t!rCfc«fc^ 



7 

■fr-Cfe, **W<©ttHrt-CS>SU ifcnlliifift 

[0 0 2 2] ftic, B-fk:»*»»cJ:?i>fc5*^-*iS«r« 
(d) fc*-*-J;3fc:, S«i0 4rR*tSo SfilO* 
fcixtf. Sic», ^VtryhM^ty^y/ 

<t. pffiii4<o*ffii:AS±rfc*fflUfc^i— ^*fPM 

[0 0 2 3] il (e) (d) <75^^— ^^fe^-jyT* 

H£ffif-ffiai-S nil 1 0*ffi*Cttn*ffi2 0 SrStf. 
ft±ScopS!^>'^^ hJB4te*±afttto P *«2 l <b 

fSt^2(?5«36*p5!Jifli|^&aa|-C€rT, /KJ¥^»i/> 
7t^fcp5!S(c^^tt^^K^^rn-y v^BfrcSiflL 

s& 2 2 f±a*tt(?5 P mm 2 1 icis^^ -r-^^^ 

v^t5i8*ttSffi.2 1 a**]***^-*- < ft_*coT% p 

112 1 tp&mzhzt. 7^t-^>f^y^^ 

[0 0 2 4] *«w<z>* 1 <Z>ag«^^(7>G a N<7>S« 

SB*. xtfpii*-e««Lt*f&#©*i* 

[0 0 2 5] B2 ( f ) r- ( j ) fi. *S§9ic7>|g 2 



(5) ttrBflspi 0-117016 

8 

[0 0 2 6] 02 ( f ) fc^-f-ss 1 0 fit* fcf^/Ui 19 
45o m2<^ffia-C^Sffi^^t: 0 ^yut f fe5^g^fc 
6 0 JR2^IB«ttjRi«>JB*i»/j:9. £« 

1 0<o±^nffi»«:rtfiS-tt-C^&S««r»*f So * 

SnS«*EJSSSrtK#U 1 0 0 0°CJ^±co^m-C 
k&'OX&Zo 

[0 0 2 7] r^^^MKl 0fc8LT>'<i/7 7i 

1 1 *^S$^S 0 ^y77li 1 tt»i<o««i*i: 

[0 0 2 8] W:r^^7 7l 1 1 ^aitnSI 1 

COnSi 1 »* U< HG a 

N-C2 0 Mm«±<OIW-CrtftS*«r £**ffl*L,U\, 

20 0 ^ml^±> ^ol:^L<ttl0 0/imKJ:, ftfc£f 

rtu*. nil i^fi»fcs«i 0*^Lt, 
[0029] ^fc, «i<offi««trai:<«2oji«-c 

30 fc, nSUflKSi, Ge, Sn*©Kt-^tt«*K 
iB 1 1 KftffiLfcfflOD** y 7M^#< U /<y7 

tji 1 1 a»&«nfc«i<z>** y r«j£*/h$ <tsri 

[0 0 3 0] nlll^cM, -)x-^^glf$ 

2 (h) fOTti5^iRl0^it5o 

i2 (h) Xhmm^<^^rM 1 1 
[0 0 3 1] S&Kl, *2©«M»-Ctt, 01** 



(6) 

9 

[0 0 3 2] ikiz. EI 2 (i) ^^i5fc % nSim 1 
c0^ffifcStt^2, pffi^7i/KJB3. pS^^^N 

[0 0 3 3] 02 (h) (i) <n$^—s^<b^y? 

9 . 2 l . ^ j/ K*ffi 2 2 <z>fMl«i*«:# l 

(e) Of^iMS^il f£tM2tf>Ti::S>5ril! 
Ji l ^y^f^X^* ir5{CfeS 0 t4b*?pS 

afflicts* 3tt*S**teas3S£i-5i:, #*a#0>« 30 

jKtt*Sf&i±-*-5 0 Z(D (j) tf^t^Jgi co^lfr:*^ 

[0 0 3 4] 

immm] sir. MocvDSctiM^sftMS 

T-fc<, MBE, HDVPE*©Ift**8**«fiS 

[0 0 3 5] [MfrHl] (Il^ra 
H 1 £5clc UT*ISW^^ 1 <Z)lB*4:»M-*-S 0 (11. 
l) iBSraftBitS^^Sfil 0 (MgAl 

S«coraS* l 0 5 
0°C;£-e±#?-£ii:, S«<75^ Ll-->^^tr3o 
[0 0 3 6] SaJEC*5 1 OTCS-OTff, 50 



0-117016 

10 

r^tc**, M^fcry^e-T <t tmg 

&5'<:y:7rJB 1 1 £#J2 o o;d->-^ b n — jUcoflgj? 
T'^KS^^rSo ^i/7ri^Al N, G a N, A 1 G a 

n3w. 9 o otwTofaa-^ mmm+*isyx ha 

[0 0 3 7 ] ^i/77ll 1**SL TMGCD^iktf) 
T\ rfiJK*" 1 0 3 0°C^X±^-^ J ±^ o 1 0 3 Otfdfc 

-XyF^[:->7^^^\ Hi (b) tc*i-± 

5 ^ ni^y^^hfULtS i K-^nSG a N 
1 0 0 ^mOJBIff-CflScS*-^5o nfny^^hi 
1 teft#jcD5 0 jim4riS*-V V TM^n + i Lt, Hfc 
O 5 0 /i m^rffi^t !/ TSS^ n - i: t5 G nS^v^ 
? hJBfct I nxA 1 vG a x-x-vN (0 0 ^Y, X + Y 

^1) t'HljictSri^, »ICGaN, InGa 
N> ^^"Ct S i 4: K— ^bfcG a Nt»dct5ri 

eh LTliA K Ti, W, C u, Z S n, I n^co 
[0 0 3 8] ftCM^CTMG, TMK T>^~ 

r*fflo\ »JK4:8 o ot^Lt, yyK-/in 

0.2Ga0.8Ni9 45*-if#P*ii (SQW) «fc 9 

&Cffl&ytXm3 6 5 nm— 6 6 0 nmHTOKffl*4« 

tt, #FJi«7 0^-v^ hn-Aj^T. FKifgtel 5 
0 Oris?* ho — AfiJLT^ipStcnS-rsr irasa* U 

[0 0 3 9] rUS^r 1 0 5 0°CtC_h#$^ Mg 

K— 7*pfA 10. 2G a0.8Ni 9 ftSpS^??' KS3 

*^5pS<^^7^ KJittA 1 t^tfaft«^S|#:. # 
* L< HA 1 G a NtrtftS*8r tiS'B* 

^ ^ ^ # - ffittv <k L it tK SI 4: «fi * *>* 6 1»* -f 5 
[0 0 4 0] fttc, 10 5 OlC-CMg K-/p®G a N 



11 

£-fr£o «*tt«)iiBB»Hi (c) XhZ 0 p^y 
hS4f^pS! I n x A 1 yG a t- x -vN (0£X. 0^ 
Y, X + Y^ 1) vmi&+Z>Zk&V$. «CInGa 
N, GaN, WCfcMgSK-rLtpiGaNi 

<!:LtiiNi, Pd, I r. Rh, Pt, Ag, Au^ 
«(cO-XfcT^yUS«l 0*7 ^ fcTViTLT, Ell ( d ) td 

[0042] tf^^L^c^^— ^*gw;\ r^— y 
v^3Sttfc»i£U rv^e^r#a^*-c% iooo°c 
corn— y y^ffJo :^r--yy^i 3 0 0°c 
i 2 o o°cj^TT-fTi/\ r^-r x ti^N 

[0 0 4 3] y >^gL r^yy^fp^^ 

7oo°ct'T^-yy^m\ p«eji«r*fe^ffi«fit 
^fb-i-So ror-— y trails- 4 o o°c^±T'H*^ 

[0 0 4 4] 7i-yy/8, ^yvy^Lfcnl^y 

bm\ <oms(Dms±mkcT i t a i *#*> 

2 0*2jimOJW¥^/«U pfflal'^MB 
4(Om%<£M\cN i t A u *-a-tra36ttco p Sffi 2 1 * 
i o o^-y/^ h p-A^lf t«t5o P S=>y^ 
^ NJB4<z>*ffifc#*LU\*-— ^ s/^»«Sr#S^tt. 

*i«a3ett*««:iaorpffi«^&IKIKL. p5*il*£ 

fCjRJ? 2 m mCO^N <y KS« 2 2 *Mt6* 
[0 0 4 5] JL^±COX*§i&TgE, ^tfe^fr^-^ 

^rns^v^^ hfl i (Dmm^m^xmm\^x^ 25 

»ft+5n«ffii:p*«i:**L, IB;*!*!** (I 

f) 2 0mA[:^V^ N HH^TfSj©£ (Vf) 3. 5 V, 
*3tai* 5mWi «;ft,fc#tt£* U fc 0 
[0 0 4 6] [5lBfi«2] *««1|C*5Vn-C, mmc^ 

-?t<<t (0001) m^m^^^m^mmmi trnmiz 

* 2 0 0 Hr^s?* b n — A(7D^i?-C?F^-r 
[0 0 4 7.] 77iC0l!:S i K"/n® 



(7) 1$B8¥l 0-117016 

12 

G a Nil* 5 Mm^S^So ftfciftS* 8 0 0 tfc L 
.t, Si K-^nlG a NiKD±tC. S i K^/nf I 
nO. 1G a0.9Ni^5 0 O^V^ hn- 
So 2fct-l§I£< S i K-^nlG a N*5 /im*6^ 
i*\ J&tSi K-/nl I nO. IGaO. 9N^r50 0t 

hn — A/8*$-t*:5 0 rco&f£* l 6 01^ 
U !8ffl!J?6 0. 6 /im^nS^^^^ hil */&g £ it" 
5 0 :cOf|tti»ji i:BI«*cL-CLED*^4:f^«U 

7tir5, w^rsisse (if) 2 0mAicfci/>r, Ml 

10 jjfaW£ (Vf) 4V, ^fflA2mWX'feofCo 
[0 0 4 8] [3W6*|3] (^2CO^«)- 
El2*5t:^LT*:^^com2<^9gm*Ift0^+5 o HSfrCT 
1 ifiJ^fcLT, (111) &&f$.&Wti-£x¥*/l> 
IffilO (MgAUOj CO^ y — -Vi/*fTO\ *e 
^/I'lfil 0±'rCG aNi:^ ft5^y7ri 11*20 

<£>±tC, n + <hn-Si^fit?tnS3y^^ hill <k 
Lt S i K-^nSG a Nil* 100/i mCOJBWf "CfiE* 
£-t£5 0 02 (g) 
20 [0 0 4 9] ^Scgfl ^4rKS5ac«^6,5cHiL, 

bT*yU£«l 0 *7 ^tfV^L-C, 02 (h) tC^-T^ 
5 fc^t^yuS^i o&t^i/ :7rJi l l «*LnS 

St (n-) icOnSny^^ h/HM**Ky i/y/lti 

[ooso] dfy-vv^tt. nS^*^ hiI£«*K 
jC«Sk:#i£U r 1 o o o°cco 

r--yv^*fr5o ft*5«ffi«fc:L3tfi*-yyr»jK 

[0 0 5 1 ] iSfcic, HSfrM 1 kf*l$fc\Z- LT^K'y v'i/^L 
7cnS=jy^^ h® 1 ^SfCSQW«itCO^ttil2* 
3 O^-y^ b n — J*<om&Xl£&£ J tt, ^<£>?£teil<£> 
±fCMg K— 7*pSA 10.2Ga0.8N«t*)J5;5pI^5 
S> KJB3*0. 5 /im^JB?t^^, Mg K— 
iGaNi^l #5 p§2=* hi! 4*0. 5 /imiOl 

S 2*/Sfi$^5H&fcnS:a>'*^ l CO* 

40 SfCGaN, InGaN, A 1 G a Ni 94^i/77 
if */£fi£ii:£ " t hX'£ So 
[0 0 5 2] Kflp»T». S^SrttCfc^-C, H*^ 

o°c-er~-y y^*m\ psw** fefcffisgt^k-*- 

So 

[0 0 5 3] rx-!)y^l ^i-^NirSlSSS*^ 

i*:rie (sctit-r^-^^^^^^) ^^^^^* 
so *eai£-£3o 
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[0054] fcicnmmi iiwwcur, mtm^m» 

MtCT i £A 1 nfi«2 0 ^ 2 ^mC0K?t"M 

U — pi^y^ SB4<Z)iiSx£:®{rN i <tAu 
£r^fc>S3tt£<^ p 2 1*10 O^-Vi/^ ho- Ago 

[0 0 5 5] «±<Z>Xfi»TgL S^tt*****— ^ 

*T-fc±T*C»rPl-*-»n*«ip*ffii:«r*U. If 2 
OmAlCjo^T, V f 3. 5 V, MffiASmWigil 

[0 0 5 6] [Mfi«4] H3tt*«W<0#fefc£9» 

[0 0 5 7] mmmZ\C36\<^X. ^fc^/l'Sffil OJfcJj; 
t^y^rJll l*fift*U J*ftffi***y LfcJR 
fflOO MmCO S i K — a N£ 9 ^^nS^V^^ 
NJB l ^i—^«:SJS«Srt^KBLfca. fflJS* 8 0 
0°C[Cltx iSfi^/^ICTMG, TMI (h!i^f;W 

l/\ S i K-/In0.1Ga0.9Ni9^S^7^^K± 
M 1 0 1 £5 0 O^V^ hn— AoJBIff-CjSfi^ii: 
£o r O ^ 7 ^ ^ KJhl 1 0 I n t n S Wlft 
4fc^i§#\ »St<«:lnGa Nf^fiS -t£S r £ K «t 

* i o 2*/?Bt-x?dc*s : fr5r id5praBtjfc9, #^{- 

l£L<te0. 1 /im«±OJRff-C*S*ii:SiKH^fe 

So G a N. A 1 G a NJB^irHS, 

A 1 G a NSrfiRfii*-** «^&J«S$-ti:fc A 1 G a 

O^S^B&lkJB 1 0 1 ^ fttrjSftS-frSA 1 «T$tP 

*i05nSffite*^aSfWli o 2 tr^^ s^^AS^* 
BSJh-TSr <tdSr*#So tefcr<z>^7^B&itJiF±l 0 
oty^hp-A«±, 0. 

*^£ffiK<D± 5te^7^Klh£ LTf£fflUc< < . 

0. 5 /imiHf^i, »*a**j»ac-j-s«fpiic:aE> 

£0 rco^^j/^E&ihSl 0 ittj*ft;5rjfe. j&K 

SS^co^frtc i otiiwt a r <t t 5 G 

[0 0 5 8] ZfcfrjfljK* 1 0 3 0°CtrLT\ W>Pttf^\c 
TMA ( h y ;*?vUTyU* -r>A) , TMG, NH 3 , 
S i H*tfflV\ Si K-ynlA10.2GaO.8Ni5 
?t 5^ 1 CO a Slftfef 1 0 2 0 . 5 a mCDB 
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U ±E<oi5tAl*r$tfaft4fc*W#. #*L<tt 
AlGaNt^ft^Sii^ISK, 10 0t^ 
^ha-A«L 2/im«T, £ <b^£F^ L< te5 0 0 
^-^^hn-ix^i, lMmKiTT^SS^Srifc 

[0 0 5 9] r&g£:8 0 0t:fc:Ttf\ S i K-^nlG 
aNi:?)^5g2^nSl^f?fl:ll0 3^0. 2 

JBtt, ytff^f KJB £ UTfPffi L, GaN, InGaN* 

10 /£:g£-tt5r <tass* L< , i^ioo^y^hn- 

A — 5 ^ m x Jf)[:&SL<H2 0 0ty^hD-ix 

[0 0 6 0] ft id. JHW^tCTMG. TM I . T 
-T *ffi^-CSt£JB 2 */fcft£^£»t£«W:JBJK4r 8 0 
0 o CJc{£Nf LT, S"fV ^ K— y I n0.2G a0.8N<£ 9 

~C\ 7 V K~ y I nO.OlG a0.95Ni 9 #5R!8J1*5 
0 h n-A^gf ^I^it^o r<Z>g&f££2 

20 @»5SU »»tr#P«*:SWLfc#»«:*#F*» 
o«tt:JB2£/£ft$^5 0 
[0 0 6 1] fttr. TEJg^r 1 0 5 0°CKl±tf\ TMG, 
TMA. NH 3 * Cp2Mg (v"^ n-O^ 

AS*:#U\ Mg K-ypSA10.1GaO.9Ni9 4 
aSSl^pSSttft^fttll 04^3 0 0^>-^ h 

nSMF«tt«r K-rLt*+ y ras»«**tfc i 

30 la-cts^^ s^K^pi^tSo »i<& 

P SItt^IlO4^Jlli?H0. UmBT, J 
^:^L<li5 0 0i-y^Fa-A«T, Stiffs 
L< tt3 0 0 hn-AEJlT^aStSo 0. 1 

^^tc^^ ^^a5A9^-f-< #9. jed&tt<ofiv^a<t«i 

co^/u^-^y T£r hv*/u&*tcj; 9 ilig-C^^< 
45 0 A 1 OOffi^^^^A 1 G a Nfi»< ^ 

40 0. 2 a±<?5 A 1 rG a i-vNtfcftH 5 0 0 t ^ ^ h 

[0 0 6 2] ftl/^T 10 5 Ofc-C, K^ty^* 
;^-^SlOpSlftte*i?#I 1 0 4i 9 fe/h* 
V\ Mg K-^plG a Ni 9 4SJS2©piaftft* 
8*110 5^:0. 2 /im<^flgi?T^S$-ti:So r^S 

103iEIi:<GaN, InGa N"C^$ r <t ^ 

so a*Lo\> r^Jiiimaopna^tft^atffa i 



!5 

££K:£F3:L< ft: 2 0 0 

[0 0 6 3] Sc^TT 1 0 5 0°CT\ v<v K^y^ 
^*-**20»k*i|i»#i 1 0 5i9 M 
g K— ^pSA 10.2G a0.8Ni 9 >fcS3R3 Wpffi2-ft 
WS*il0 6^0. 5 MmCOjRff-C-jSfi S^So - 
fiOJlttSSl <0nffi«*fc«f#«f»B 1 0 2 tmC< . ^r-r 
yrii:^!, LTftUBU Al 

**tf*ft»#»*. ffSKIiAlGa N*j«fi$-li: 

mi^T\ * fe^ff* L < f4 5 0 0 h D-AK 

»**r5«tt*<&*g\ -t^sttJifcssL-c. jus;? 

0. 1 MmWTcOA 1 *"§-tr*l 0)pSSflSfe^Sf*:Jl 

6«mfcffiKf-. JBi^pfflmt^aiffJiiOfc^ix 
m 1 0 5 «rs«\ 2 p §&mitto*m#m 1 o 5 

W-tO^SJBS^pSia^^WflcJll 0 6*R*t5 

UA^trco^icopiia^* 1 
*t y y r i t tf^ffltsr iii4< , 
p s»bft**fM ta 8 ait s r i ^-e* 

SIS* U LDOtH*iSfti±t8a o£9 % 

ffiASitfc*^yr«. *i<&pffl»btt4**fttli 0 

4co^o-K^^^rni^yu^-^^:#u^a6, *N5f£* 

t>. *t y T tt8Htitt-/<-7n-g;f , micop 

[0 0 6 5] ft«fc % JB3 0pffl»k*4*Wf«il 0 6 
OJb^ 1 0 5 OttM g K-/piG a N i 9 45 p 
HJi 4£0. 5 Mm^JRffT-dcfi^iirSo 
[0 0 6 6] S*»T«, Jra*M4-CTtf-Cfr~ — 

-y^tm\ psui**&^ett«:^i-*. 

[0 0 6 7] r~— yy^, RiEi:i!5ftii(Z)p 
fia^^H4i, aaopffiSffcfcr^aWWli 0 6 
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pSI^ h7^/^y j/^ttit^r 

ftotBHI^fiTtSo ^E-LT, IS 3 K^i-J: 5 P s 
= h^4^ffitCN iiAuJ: 9 45 p SIS 2 1 

&xb5<f?mzBl3L-+&o 4*5 p ««2 lttU'— SPSS 
^r*fcafc»«Ftca*i4*c-t-5^Kf44'/\ Ti 
£A 1 i945n*«20Sra<t* 2 l fe W*«*r?BJ«LT 

[0 0 6 8] ftfC, — N^Y^COm^fC^ 
10 Bl4*rfiJ'C^<"-*^»BHL^ »BBlc**8«:ffBt 

(1 I OO) 

fi^E (MB) KffiS-t-Sffi-CfcSo RIE^ 

20 astf^ft-f 5rifc-C#5o Sfcw<z>fflu §*MS*rtt 

[0 0 6 9] »Mft* *SSSfcs i 0 2 £:T i 0 2 J;9 
4SB«*#*R4r»/SU p «S^ 5 FfT4^ 

in) h^v^kiubu Jira-c^-f-^atrit* 

4 0 0 nm<^5S.«t*«^fll»* ftfco J; 3^GaN 

digits tmmz-7=c-*yv ^>tv ^^f? 

^TtBi4So 
[0 0 7 0] ~* * 

ig-t-^r i^s-et 37t#>, tSJfcoj; 5^KI— ffi«W»6 2 
WI^«ai4:»9tBL*:«iSiU4<-rt), ±T*rtJfc: 

40 G a NiSS«-Cfc5^-CLD^i 5 4ftffif-ffiV N *Sffi 
[HK<z>«»4»«] 

[El 1 ] &&W<om 1 <otMR^*xa«:RWi-Sfc» 

[EI 2 ] 2 <z>ffi«<0*ie*KW-f5 fc# 

[El 3] i^Sl^ofll 
50 iB«r*-^«a»ffiH» 
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